The goal of the President's National Energy Plan to produce 1.25 billion tons of coal by 1985 may be achieved, but new legislation constraints and start-up delays may result in a production loss of 200-300 million tons. Well directed research to define the environmental consequence ofincreased coal production is underway, but it tends to be fragmented and ill coordinated. A national reclamation plan based on an achievable NEP must be developed that schedules, prioritizes, and coordinates research activities. Unless the results of these research activities can be transferred to industry and state and federal agencies, they are useless.
Background Introduction
The President's National Energy Plan (NEP) invokes three basic strategies conservation, increased coal utilization, and research and development to attain the objectives and goals put forth (1). This section will identify and discuss the impacts associated with the reclamation phase of increased coal utilization. The NEP would increase the use of coal by 1985 by 565 million tons (total 1.25 billion tons). To stimulate the increased demand for coal, the plan proposes a coal conversion program consisting of tax and regulatory measures. To accomplish this goal, NEP objectives expected that coal production must expand in many regions with an emphasis on the East. It is agreed that current production has a small amount of excess capacity and in many instances, mines are only operating one shift instead of two or three. Coal development and utilization are most economical when near major markets, therefore, it will be necessary to stimulate coal development and production in the highly populated Eastern and Midwestern regions. Because coal from these two regions has a considerably higher sulfur content (3-6%) than western coal, the best available flue gas desulfurization technoiogy must be deployed. Additionally, the National Energy Plan's commitment to the attainment and maintenance of the environmental goals set out in recent legislation requires that these goals be achieved without endangering public health or degrading the environment.
While it is necessary to recognize that increasing coal use requires reasonable certainty and stability in government policies, it is important to note that most new mines are based on the development of longterm (20 yr) steam coal supply contracts that permit an equitable return on the initial large ($10-20 million) capital investment. The lead time required to open a new underground mine is four to six years, whereas new surface mines require three to five years (2) . Lead-time delays mainly result from the mining company having to obtain several state and federal permits and from the filing of environmental impact statements. It is also agreed that the new Off'ice of Surface Mining performance standards may be tied up in litigation for one to two years, which will lengthen lead time for new surface mines. The total time required for purchasing land, conducting planning, obtaining permits, and selling and producing the coal may be considerably longer than three to five years creating a serious lag time in attaining NEP goals. Because surface mining is environmentally disruptive, the NEP will encourage the opening of as many eastern underground mines as possible. Furthermore, our surface coal reserves represent only a small portion (10%) of total reserves (3). Hence, it would be important to develop new safe, efficient, and economical underground mining systems as quickly as possible.
Two conflicting views exist concerning the regionalization of coal development to meet 1985 NEP goals. The NEP view is to promote deep coal development in the eastern and midwestern sections of the country, the underlying reasoning being that less environmental disturbance will occur with eastern deep mining methods and coal production will be located nearer consumers. The other view sees coal development proceeding mostly in the West. The reasoning here follows economic lines; the coal can be more economically extracted and less of an overall surface impact will occur because coal seams in the West are typically 40 ft while in the East and Midwest seams average 4 ft. Tables 1 and 2 have been developed to illustrate the production and surface disturbance impacts of these two scenarios. Table 1 gives the regional distribution of production and disturbance for 1976 and 1985. The 1985 estimates were developed by ANL personnel using NEP production goals and regional objectives as the basis for developing the projections. The surface disturbance was determined on the basis of regional coal seam thickness (BOM, IC 8531), regional coal recovery factors (ANL unpublished data), and the regional production estimates. Table 2 gives similar regional data based on the NCA (July 1977) projections for new coal mine openings. The data indicate that 15% more coal (185 million tons) than the NEP goal of 1.25 billion tons will be produced and 12% less surface disturbance (11,000 acres) will occur in 1985 if coal development proceeds as NCA projects it will. These results indicate less of an overall environmental impact and more coal production if development takes place mainly in the West. It should be understood that "acres disturbed" are only a best guess,at this time and a more detailed study is necessary. (4) .
This new federal effort to control the surface disturbance impacts of coal mining is the latest governmental response to mitigate the adverse environmental, health and safety consequences long associated with coal development. The Environmental Protection Provisions appear adequate. However, the stress placed on the federal program by the NEP coal production goals and the implementation of a major regulatory program may give rise to a set ofproblems unanticipated during the legislative formation of a national reclamation program.
One such problem inherent in the new federal reclamation program is the number of adequately trained regulatory personnel. The effectiveness of an environmental protection program is determined by the regulatory personnel's actions. P.L. 95-87 will require many persons to approve mining permits, approve reclamation plans and inspect facilities to ensure that environmental performance standards are met. It is questionable whether an adequate number of qualified persons exist to fulfill state and federal personnel requirements. Conceivably, the use of poorly trained personnel could lead to the approval of permits and reclamation plans that are environmentally unsound and unsafe or lead to unsatisfactory inspection of mining and reclamation sites. Thus, consideration should be given to the quality of the regulatory personnel to ensure that enforcement is undertaken by knowledgeable people.
Another problem which may arise because of federal mining regulations concerns underground mining. An objective of the Surface Mining Law is to promote the development of underground mining.
Perhaps the reasons for this stance by the Congress were the view that underground mining had less land impacts than surface methods and most of our reserves lie deep in the ground. As coal production increases, a shift to underground methods could create additional health, safety and environmental problems. If deep mining operations are expanded, serious occupational health and safety hazards, such as black lung and cave-ins, would most probably increase. This situation presents a trade-off between the health and safety impacts of deep mining and the environmental impacts of surface mining. As in situ methods are employed, new land reclamation questions may also be expected to arise. Thus, the promotion of underground technologies in P.L. 95-87 to lessen the environmental impacts from surface disturbance may give rise to more devastating health, safety, and environmental problems than surface extraction now presents.
Although the surface mining legislation is not intended to be a land use bill, it does include several provisions, relating reclamation to land use. Land must be reclaimed to a condition capable of supporting the uses which existed prior to the advent of mining, or some higher or better use. The impacts one could anticipate here concern the environmental and sociological consequences of reclamation, which include the creation of boom towns in the western U.S. An environmentally sound approach to reclamation would be to provide a land use which would ensure that the land would remain undisturbed in the future. An associated social impact of reclamation would be the relationship of the postmining land use to local development plans. Thus, federally monitored surface mining and reclamation programs should strive to assure the coordination of reclamation with local development objectives, otherwise, reclaimed areas may be adversely impacted by future development and adverse societal Environmental Health Perspectives reaction to energy development could arise because of dissatisfaction with reclamation plans.
Federal programs will most directly affect reclamation through the issuance of environmental standards for reclaimed areas. The stringency of these standards will determine both the feasibility of reclamation at a proposed mining site and the adequacy of environmental protection for the mined area. Conceivably under the pressure for higher coal production, reclamation standards may be weakened or loosely enforced resulting in greater environmental degradation of mined areas. Two Table 4 ). Eighteen states require that mining companies consider alternative land uses in the development of reclamation plans, and provide a role for local planning participation by requiring the reclamation plan to be consistent with local land use plans, or that local concerned agencies be notified of the companies intent to mine (see Table 5 ).
In 25 states, the reclamation law is accompanied by a published set of rules and regulations which spell out to the mine operator more or less exacting procedures to be followed to achieve the goals of the law. For example, slope specifications for regraded spoils are often spelled out in the rules and regulations according to the various land uses to be considered. Steeper slopes are usually allowed for forestry than for pasture or range lands, which can be steeper than row crop areas that must regularly be traversed by farm machinery. The rules and regulations may also contain instructions for revegetation, especially in western states.
Five states (North Dakota, New Mexico, Maryland, Kansas, and Louisiana) have reclamation laws covering only coal, with no provisions for reclamation of other mineral sites. Three other states (Ohio, Alabama, and Virginia) have two laws so that coal can be regulated separately from all other minerals. This philosophy of giving special attention to coal mining dates back more than forty years, when reclamation laws were first being drafted in the Midwest and Appalachia. At that time, virtually all reclamation laws were directed solely at the coal industry. It was not until after several workable coal mine reclamation laws had been enacted that states began amending existing acts, or drafting new bills to include minerals other than coal. The existence of P.L. 95-87 is an example of the same sentiments at the federal level. Only after success has been demonstrated at regulating the coal mining industry will attempts be made to expand to other minerals.
Current Research. While much of the current reclamation research is addressing interesting and real site-specific problems, almost all of it has been initiated without a comprehensive national research plan. Disaggregation and poor coordination are common faults. Some duplication does exist but to some degree this is necessary. There is a strong belief that no one in the government is cognizant of the total reclamation research effort, even OMB. At this time, there does not exist a clear statement of the problems in a regional or national context. As an example, currently, it is impossible to obtain a good national estimate regarding the amount of land that is disturbed each year by surface coal mining to help define the problem. In addition, the disruptive extraction practices of uranium, oil shale, and other highest priority to the transfer of research data to the environmental health and socioeconomic impacts. user is useless. In addition, there is a real need to Much of the past and current research information organize and standardize the data collection achas not been transferred from the researcher to the tivities between disciplines and agencies. Better user. Therefore, in many instances, programs are definition and agreement on resource regions and being initiated to gather information that has already time frames is needed. aAdopted from Imhoff et al. (5) .
There is a growing need to develop a coherent national program that can begin to piece together the patchwork efforts currently underway and identify what information is needed to plan and implement a national land reclamation program that can assess the environmental impacts of coal and other energy mineral development and provide environmentally sound economically feasible techniques to utilize our natural resources.
Review of Literature
Research activities related to extraction/reclamation of coal have been carried out since the early thirties. All of this research was site specific and tended to focus on well defined efforts of one or more disciplines.
During the sixties and seventies, research activities increased and research efforts were reported by universities and several federal agencies. At this time, there exist thousands of documents that chronicle the development of extraction/reclamation technology.
Rather than attempt an in-depth review of these documents, this study has elected to list 65 from actively-mined areas and unreclaimed areas have been shown to be much higher than on unmined areas. In a study of strip-mined watersheds in eastern Kentucky (7) large sediment transport rates were measured during active mining and in a 2-year period after completion of mining; the rate of sediment yield was correlated with the percent of mined area in the watersheds. Davis and Hines (8) monitored mined watersheds for sediment yield and measured 0.2 acre-feet per acre of disturbed land for a three-year period, which is equivalent to approximately 120 tons per acre per year. Generally, sediment transport rates from surface-mined lands are highest in steep sloped Appalachian areas. A large diversity of erosion control and sediment retention procedures and techniques are available for active surface mines and reclaimed lands (9, 10) . The actual success of erosion control for each mined area or coal refuse disposal site, and the subsequent mitigation of aquatic impacts, is highly dependent on the adequacy of state and federal laws and regulations, the degree of enforcement of these laws and regulations, and the cooperation and effort of mining companies to implement reclamation techniques to minimize erosion and sediment transport. An evaluation of the effectiveness of sediment ponds in reducing suspended solids in the runoff water from coal surface mining activities in the East (11) showed generally poor performance because the ponds were found not to be constructed in accordance with the approved plans and specifications, were not properly utilized, or were not properly maintained. The ability of different reclamation techniques to minimize long-term erosion and sediment transport to streams has not been specifically investigated.
Acid Water Runoff. Many coal seams and associated overburden rock, particularly in the northern Appalachian states, Alabama, Ohio, and the Interior Coal Basin states contain significant quantities of pyrite. When exposed to air during surface mining, the pyrite undergoes gradual oxidation. The sulfate minerals produced by pyrite oxidation are soluble and react with water to form what is commonly termed acid mine water, having a low pH and high concentrations of acidity, sulfate, and metals. The acid water accelerates weathering and leaching of other minerals, thus contributing variable concentrations of calcium, magnesium, iron, manganese, aluminum, copper, cadmium, zinc, and other metal ions which are toxic or potentially toxic to vegetation and aquatic life. Acid mine water has long been recognized as a major water quality problem in the East and Midwest.
Grading and compaction of acidic spoils and coal refuse, addition of lime, and a cover of soil with vegetation has commonly been recommended as the best reclamation technique to effectively retard pyrite oxidation and leaching and has proven to be moderately successful in producing short-term improvements in surface water quality (12) (13) (14) . The long-term effectiveness of a soil cover in reducing pyrite oxidation and leaching is still uncertain. At the New Kathleen mine site in Illinois and innumerable other sites in the East and Midwest, erosion often removes the soil cover along gulleys, thus reexposing pyritic materials and allowing oxidation to be renewed. Reclamation success will therefore play a major role in determining the future levels of acid mine drainage resulting from increased coal production.
Groundvwater PoUution. The amount of research that has dealt with groundwater contamination as a result of incomplete reclamation of acidic mine spoils is limited. Water flowing through pyritic materials is capable of dissolving and transporting great quantities of acid, sulfate, and dissolved metals in the subsurface flow systems. Extensive pollution of aquifers has been documented in the Clarion River watershed (15) and in Clearfield County, Pennsylvania (16) as a result of surface and underground mining. This situation probably occurs to some extent in most areas where mining of pyritic coal seams is occurring, but hasn't been adequately investigated. Whether proper reclamation can control subsurface leaching of pyritic materials is another question that has received inadequate consideration.
FloodingPotential. The hydrologic system of an area or an entire watershed can be drastically altered as a result of mining. Hydrologic research in the mountainous areas of eastern Kentucky has shown that peak discharges (flooding potential) are increased by as much as a factor of 5 as a result of surface mining; whereas studies in Indiana (17) indicated that surface mining reduced peak flows, increased groundwater recharge in the spoil materials, and increased low flows of streams in the mined area. The changes seen in the Indiana study were the result of mines not being graded to contour or reclaimed, and as a result water retention in "last cut" ponds reduced runoffand increased groundwater recharge.
The alterations of the hydrology and the flooding potential of a mined watershed will likely occur as a result of mining and reclamation, but the exact nature of these changes is highly dependent on the basin topography and geometry, rainfall, mining and reclamation methods employed, and the area of land disturbed.
In summary, not all water resource impacts resulting from current and future increases in coal production in the East and Midwest are fully recognized or evaluated. However, it is anticipated that the majority of problems will be qualitatively similar to those presently existing. The extent and magnitude of future problems will be primarily determined by the effectiveness of existing and proposed legislation in reducing erosion and sedimentation, and acid mine drainage. The impacts of future coal production will to a large extent be watershed and site specific and it is not within the scope of this cursory discussion to quantitatively assess regional water resource degradation.
West
Concerns relating to water resource impacts during coal mining and reclamation in the West differ in many respects from those in eastern and midwestern mining regions. These regional variations arise from differences in mining methods used, in the sulfur content of coals, as well as differences in factors such as climate, soil types, land use patterns, and water availability.
Alkaline vs. Acid Drainage. Unlike the situation at many eastern and midwestern mines, acid formation and drainage is not a prevalent problem at western coal mines, nor is it expected to become one. This is attributable to the low sulfur content of most western coals (particularly pyritic sulfur forms which lead to sulfuric acid formation upon oxidation), as well as low water availability and the generally alkaline nature of western soils and water. A further consequence of alkaline water is reduced mobilization of potentially toxic or otherwise undesirable metals which readily enter into solution under acid conditions, but precipitate under alkaline conditions. This lack of acid drainage, both during mining and reclamation, removes a major source of concern for water quality present in other coal regions.
Erosion-Sedimentation. A potential aquatic impact common to all coal regions is erosion and subsequent sedimentation in receiving streams. While total yearly rainfall is low in many western regions, the potential for extensive erosion during intense rainfall events exists, and may be intensified by limited or delayed revegetation success in arid regions. Existing effluent limitation guidelines limit point source discharge of suspended solids during active mining, but currently do not specifically control nonpoint-source loading of suspended solids during mining or reclamation. Thus, a significant potential exists for negative aquatic impacts related to erosion-induced sedimentation during reclamation as well as mining phases. Insufficient data exist to permit estimation of the severity of such impacts; however, it is clear that without implementation of enEnvironmental Health Perspectives vironmentally compatible mining and reclamation technologies, increased sediment loading in western streams is likely to occur with increased surface mining.
Salinity. Another potential water quality impact at western sites is increased salinity caused by pumped discharges during mining and by surface runoff and groundwater seepage during mining and reclamation. Effluents and runoff at western mine sites often contain concentrations of major soluble ions considerably in excess of ambient concentrations in receiving streams. In some cases, the dilution of mine waters in receiving streams is sufficient so that no detectable impact upon ambient stream concentrations is apparent (18, 19) , although in at least one documented case substantial salinity increases have been noted (20, 21) .
Small to moderate increases in salinity (e.g.,
10-20%o) in most western streams would probably not represent a significant environmental hazard to aquatic biota; however, large increases could not only affect some aquatic biota but also water uses such as domestic consumption, agricultural irrigation, stock watering, and industrial consumption. The actual user effects of salinity increases in a given watershed will be determined primarily by use of the resource. For example, a salinity increase in a Northern Great Plains stream used primarily for stock watering and irrigation of relatively salt tolerant crops (e.g., alfalfa) might be acceptable, whereas the same increase in the lower Colorado River Basin where many irrigated crops are salt sensitive could result in significant agricultural impacts. Increased western coal production is likely to result in salinity increases in some streams, which in some stream basins could affect present water use. Salinity control measures incorporated into mining and reclamation plans will be necessary in sensitive river basins. Groundwater. The limited available data indicate that groundwater in reclaimed mine spoils is often more highly mineralized (saline) than groundwater in undisturbed media, thus indicating possible local impacts upon groundwater quality and use. Insufficient field data exist to determine the regional extent of this potential problem, but present indications are that such problems will be local and site specific.
The mining method presently used at most western coal mines is area strip mining. This method disrupts all geologic units above the coal seam as well as the coal seam itself. Any permeable layers between the land surface and the bottom of the coal seam are thus interrupted, and may cause an alteration in local groundwater availability and flow paths. Depressions of the groundwater table are experienced in the vicinity of operating mines because of seepage into mine pits and localized dewatering of the aquifer(s). Such depressions of the water table are limited to the mine vicinity and are expected to recover after reclamation, but may cause wells in the vicinity of the mine to go dry during the periods of active mining and early reclamation. The extent to which water table levels will recover after reclamation will be site specific and dependent on proper restoration of groundwater systems in reclaimed areas.
Water Availability. Because of limited water availability in most western coal regions, impacts of mining and reclamation upon water availability assume great importance. Without proper premine planning and reclamation, water availability for specific uses may be affected by alterations in water quality and disruption of local hydrologic systems as a result of expanded western coal mining. Because research data are incomplete, it is not possible at this time to quantify the regional impacts of expanded western mining.
Alluvial Valley Mining. Disturbance of local groundwater systems is presently of particular concern in alluvial valleys. Only approximately 3% of the coal mine lease acreage in an eight-state western area investigated (22) was located in alluvial valleys, but since overburden is often thinnest in these areas, mining in alluvial valleys is economically attractive. Additionally, mining adjacent to alluvial valleys (where up to 10%o of the strippable western coal is found) could disrupt valley hydrologic systems. Alluvial valley floors play an important role in the agricultural economy of many arid and semi-arid western regions, and any significant disturbance of groundwater hydrology could reduce the long-term agricultural productivity of these valleys and represent a long-term impact upon land use. The reclamation potential of disturbed alluvial valleys is presently not clear, although it is believed that restoration of essential hydrologic functions is possible in some areas. Extensive research on reclamation of alluvial valley floors and adjacent uplands is needed before long-term impacts on agricultural and groundwater hydrology and water quality can be evaluated.
Current Research
While there is a general lack of pertinent research information concerning water resource impacts of western coal mining, a substantial number of major (and a multitude of minor) research projects are currently underway, and results should soon be available. This does not imply that all questions and problems related to water resource impacts will be answered, but the types and magnitudes of potential problems that can be expected in western coal regions should be identified, and regional or site specific studies (e.g., baseline data acquisition for mining permits) can be tailored to emphasize pertinent local or regional problems and information requirements that have been recognized by previous research efforts. Once ongoing. studies are published, it should also be possible to begin generalized analysis of the cumulative impacts of multiple mines or other energy-related developments such as coal conversion or electric power generation within individual river basins. However, detailed assessments and impact quantitation of specific developments will require additional site specific studies since the detailed conclusions necessary for planning such developments are sensitive to unique site characteristics.
All major federal agencies charged with environmental responsibilities are funding water resource studies in the western coal regions, and virtually all aspects of aquatic and hydrologic impacts of the coal fuel cycle are under investigation. But because of intrinsic inter-and intraregional variability, redundancy among the research efforts is essential to distinguish local unique problems from those of general or regional concern to regulatory authorities.
Research Needs
Questions of major concern, which will no doubt require additional investigation, deal with such areas as incipient effects of salinity and alkaline soluble metals (e.g., selenium and molybdenum) upon specific aquatic biota and agricultural crops, longterm effects of low level increases in suspended solids, the reclamation potential of alluvial valley mining, biotic effects of reduced flow regimes in streams, and various aspects of aquifer disturbance and restoration.
Impacts on Land
East Present Problers. Expanded production in the East as outlined by the NEP will result in increased pollution even though great strides have been made in developing mining and reclamation technologies which minimize the effects of land disturbance. Although major emphasis is placed upon augmenting production from underground mining, surface mining will still play an important role in meeting the goals of the NEP. This is dictated by manpower shortages in the short term for underground mines and the desirable reserves of coal that can only be safely mined by surface methods.
Erosion of unstabilized spoil resulting from the contour mining of steep slopes or from the mountain-top removal method of mining as well as acid generated from pyritic materials in these spoils are major environmental problems. Sediments eroded from surface mines, from coal refuse areas and from disposal areas of acid mine drainage (AMD) treatment sites are a major problem in the Eastern United States. Additional pollution results from the erosion of haulage roads used for both surface and underground mines and from the land disposal of fly ash, bottom ash, and scrubber sludge. With increased coal production and coal utilization, these areas may have major impacts on the health and environment of the area. Erosion and sediment control are prime concerns in southern Appalachia (Tennessee, Alabama, southern West Virginia, Virginia, and eastern Kentucky) (23).
Acidity (28) . Projected estimates for the Midwest indicate that land disturbance by surface mining will possibly double to meet the NEP 1985 goals. This increase in surface mining activity will undoubtedly advance the disturbance of prime agricultural lands and affect both the economy and environments in Midwest surface mining areas. The major concern of mining prime agricultural lands is whether or not the technology or knowledge exists which will allow for the successful reestablishment of those soil factors which are conducive to successful crop production.
The new Federal Surface Mine Act (P.L. 95-87) specifies that the root zone of plants be reestablished following mining by topsoil and/or subsoil segregation and replacement to achieve both a texturally and chemically suitable root environment. This section of P.L. 95-87 will not have a major beneficial impact in several agriculturally oriented midwestern states that are major producers of surface mined coal. For example, Ohio, Illinois, and North Dakota have had reclamation regulations requiring topsoil segregation and replacement for at least two years (29). Illinois limits topsoil segregation and replacement only to lands suitable for agriculture. North Dakota requirements are for all lands and were developed to alleviate chemical and physical problems associated with lower subsoil strata. Therefore, the potential role of topsoil replacement to lessen the time required to return land to a productive state has been recognized and employed for a brief period of time by numerous states that have surface mining.
Areas of Uncertainty or Controversy. One of the problems associated with surface mine reclamation is the reestablishment of a suitable matrix capable of supporting plant growth at a level of maintenance equivalent to premined conditions. This matrix is called "topsoil." Topsoil is a valuable natural resource containing most of soil organic matter and nutrients required by plants for crop and forage production. The problems associated with reestablishment of this below-ground ecosystem are in part due to the lack of understanding of the biological processes associated with this geochemical and geophysical matrix. Until recently, soil has been treated as a mineral, not as an ecosystem.
Current laws require that topsoil be removed separately and replaced on the backfill area or, if not utilized immediately, stockpiled. If proper planning is undertaken, the only stockpiles evident are normally those associated with the first cut and exist for the life of the mine. Also, topsoils may not be replaced during certain seasonal periods due to climatic conditions. Thus, the length of storage may be great. The consequences of long term storage of topsoils on below-ground processes are not known. Also, the length of time for which soils may be stockpiled with minimum deleterious effects are not known. Just as important is the depth at which these stored topsoils should be kept. Also, what constitutes an adequate depth of topsoil over spoil? Is an intensive management system necessary to get these soils back into row-crop production. If so, for how long?
One factor which undoubtedly will influence the return of lands to a productive state is time. Unfortunately, research data on the time required to reestablish high-quality farm land after surface mining is lacking. However, even with the insufficient data base, estimates of times ranging from 10 to 30 years have been made (30) . These estimates were made without consideration given to the beneficial impact of topsoil segregation and replacement. Should this time estimate be correct, losing these lands from agricultural productivity could be critical. Perhaps the answer is just a matter of economics. The most expensive steps in surface mine reclamation are topsoil removal, storage and replacement, backfilling and grading, and erosion control. Uniformity is lacking in reporting these costs but with topsoiling, estimates for North Dakota range from $2400 to $6600/acre (31) . If additional segregation of lower soil horizons is found to be necessary in order to return land to a productivity level equal to or greater than premining levels, it may be just a matter of added cost/ton of coal mined.
Is the potential loss of prime agricultural lands a problem to be concerned about? Based on past history, the answer to this question would be yes. However, with the awareness now at both the state and federal level of the importance of the darkened surface soil component which contains the major portion of the important soil ecosystem, the answer is perhaps no.
We still do not completely understand the biogeochemical processes associated with native soils let alone disturbed systems such as those encountered in the reclamation process. Thus at this point, the consequences of our actions as to expanded coal mine development on prime agricultural land cannot be addressed in a rational manner since the data base necessary for making realistic decisions as to what can be done is not at hand. What is necessary, then, is an increase in research addressing questions so as to gain a better understanding of the microbial processes occurring within the soil. Particular emphasis should be addressed towards a better understanding of the carbon and nitrogen cycle. Also, research should address the role of soil symbionts, particularly mycorrhizae and nitrgoen fixers in undisturbed and reclaimed systems as to the potential benefit of such associations.
Prime agricultural lands are often prime lands for other uses. Residential and industrial developments, road construction as well as surface mining are making large demands on the limited supply of this valuable natural resource. Among the above mentioned uses, only surface mined lands have the potential to be returned to their former use. Additional research is needed in many areas to determine the most rapid and economical means to reclaim these areas of high agricultural production. Of equal importance, other efforts must be oriented to control the destruction of prime agricultural lands by all forms of development.
Resource/Research Needs. Currently, the Department of Agriculture and the universities in cooperation with several mining companies are initiating a research program to better understand the impacts of mining prime agricultural land in the Midwest. Additionally, the Department of Energy-funded Land Reclamation Program at Argonne National Laboratory is conducting a field research program to evaluate alternative topsoil materials and management practices. Several universities, including Iowa State University (Iowa coal project), have preliminary data that will be helpful in determining the most environmentally acceptable and economic way to restore high agricultural production. Unfortunately, most of this research was initiated during the past two years and preliminary data are inconclusive. There exists considerable disagreement regarding time that will be required to answer the questions related to disturbance of prime agricultural land.
West
Present Problems. The precipitation patterns over much of the western coal regions are highly variable and consistently low. Low precipitation, and hence low available moisture, is the most serious in the southwestern coal fields, particularly in the Four Corners area and the Red Desert area of southern Wyoming. Both areas average 6 to 9 in. precipitation annually; they frequently receive less. Currently, some companies are irrigating reclamation sites for the first growing season to enable perennial species to become established. Irrigation is not a solution for all mines in semi-arid sites since water rights are usually not available. Mine-mouth power plants are a source of irrigation water for some reclamation, while other mines must rely on mulching and spoil surface manipulation to hold available moisture (32) . In areas where wind is a problem, mulching is not effective. There are many areas in the western U.S., however, where annual precipitation is 14 to 16 in. or greater and where acceptable revegetation (including establishment of native species) can be accomplished after surface mining.
Alkaline or saline spoils are a problem throughout the West. High salinity and clay in conjunction with low precipitation create moisture stress inhibiting vegetation establishment (33) . Alkalinity problems can be avoided through selective overburden placement in some cases. The use of tolerant species can also ameliorate the impact of alkaline and saline spoils. In North Dakota, legislation has been passed which requires selective overburden placement to bury toxic overburden.
Areas of Uncertainty or Controversy. Irrigation is a center of controversy. The question of whether initially irrigated plant communities on reclaimed areas can maintain native area densities for an indefinite period of time has not been answered. The controversy centers around the fact that initial establishment rates under sprinkler irrigation are higher than normal, and a drought year may severely impact the reclaimed community (34) . Many states require the use of "native" species only. There is no allowance made for a blend of "native" and adapted introduced species which is a common condition on many rangelands. The use of early successional species and other invaders in reclamation is also a source of controversy (35) . Currently, reclamation practice uses only late successional or climax species. Some researchers believe early successional species will aid in the establishment of these more desirable species. Some researchers maintain that regrading for more effective range management, e.g., the creation of stock ponds, may be an advantage (36) . The question of alluvial valleys and whether they should be mined is also of concern. Some argue that mining would impact subsurface irrigation which is thought to be highly important to agriculture in these areas.
Small mammals can also impact reclamation. Seed-eating mammals will follow drill rows, consuming all seeds in a furrow. Rabbits consume large quantities of young vegetation, particularly grasses. In some cases, grass establishment is impossible without rodent control.
Resource/Research Needs. All of the areas discussed above require research. Land management decisions and the knowledge to make them are among the most critical. It is possible that some areas which are regraded as marginal, e.g., southwestern Wyoming, can be improved through recontouring for better land use. Spoils reshaped to create stock watering ponds, for example, could greatly improve land use efficiency by spreading grazing activity. Spoils reshaping and other land management tools could improve reclamation effectiveness in other ecosystems as well.
Increased mining in the West will make the demand for adapted species greater. If "native" species are a requirement, a premium will be placed on their development. Several western companies are concerned about potential future shortages of adapted seeds to accomplish reclamation if legislation requires revegetation with native species.
Irrigation will continue to be a tool until alternative methods are developed; the lack of water will be a major problem at mines where water for irrigation is not available.
Health and Ecological Effects of Atmospheric Effluents from Coal Mine Reclamation Activities
Atmospheric effluents generated as a result of coal mine reclamation activities will fall primarily in two categories: (1) dust generated and entrained in the air as a result of earthmoving activities or by wind blowing across unvegetated or unstabilized piles or areas of spoil, refuse or topsoil, and (2) gaseous effluents from diesel or gasoline powered internal combustion engines of reclamation equipment. It should be emphasized at the outset that the off-site adverse health and ecological impacts of these atmospheric effluents, if they occur, are likely to be small and within acceptable limits. This conclusion is based on the fact that the concentrations of those effluents that are of even marginal concern are extremely localized (< 1 mi2) and of short duration (< I yr) for any given location. Thus, in most cases, potential impacts will be limited to the operator's site or lease area. Potential impacts to onsite workers and biota will be addressed by the Surface Mining Control and Reclamation Act of 1977 (Public Law 95-87), when it is fully implemented, and by the Federal Coal Mine Health and Safety Act of 1969.
Dust
Dust may be entrained in the air by the following coal mine (primarily surface) reclamation activities: use of haul roads by heavy equipment; topsoil removal; backfilling; grading; topsoil respreading; preparation of soil for planting; application of lime, fertilizer, mulch or other amendments; seeding; and unvegetated or unstabilized piles or areas of spoil, refuse, or topsoil.
Dust consists of chemically active and/or inert particulates in the size range of < 1 Am to > 150 ,um in diameter. These particles are not a stable component of the atmosphere because they eventually fall back to the earth's surface (37). Concentrations of dust vary from city to rural areas and can range from 30 ,g/m3 in rural areas to over 200 ,ug/m3 in urban regions. In areas ofhigh earthmoving activity, values can exceed 1000 Ag/m3 (38) .
Entrained or deposited dust in the vicinity of reclamation activities may pose potential health and environmental effects due to reduced visibility, increased inhalation of particulates including trace elements or other toxic materials brought to the surface by soil and subsoil relocation, aggravation of pre-existing respiratory problems by particulates, shading and/or suffocation of vegetation due to dust deposited on aerial plant parts, reduction of palatability of vegetation to livestock and wildlife due to dust deposited on plant surfaces, or deposition of dust in water bodies adding to the sediment and/or salt loads of these waters.
The magnitude of effects due to dust caused by reclamation activities can vary considerably depending on mitigative measures employed by the operator. Measures that will reduce the amount of entrained and deposited dust include: good engineering practices used during earthmoving sprinkling of haul roads with water or dust-suppressant solution, and rapid revegetation or stabilization of temporary storage piles and other unstable areas.
Entrained and deposited dust may be more of a problem in the arid West where there is less precipitation and where vegetative cover to stabilize surface materials is more difficult to establish. Also, in many coal mining areas of the West average wind velocity and persistence are greater than mining areas in the Midwest or East.
Gaseous Effluents
Relatively small amounts of SO,, NO,, CO, and hydrocarbons are emitted by the internal combustion engines (diesel and gasoline) of reclamation equipment. However, realistic estimates of ground level or low level concentrations of these effluents (39) for a typical reclamation operation are several orders of magnitude below the concentrations that have threshold acute effects on biota, including humans. Therefore, the effects of gaseous effluents will not be addressed further here since the probability of adverse impacts is extremely low.
Conclusions
As discussed above, the probability of offsite adverse health and environmental impacts due to atmospheric effluents from coal mine reclamation activities is very low. Onsite workers and biota will be covered by federal and/or state regulations. Thus, if an operator conducts reclamation within these regulations, the impacts should be within acceptable limits.
APPENDIX Review of Reclamation Research Bibliographies
To date more than 50 bibliographies have been developed that list and describe publications related to coal extraction and mined land reclamation. Discussed below are a number of selected, larger bibliographies; an additional 49 bibliographic documents are given as references . The bibliographies summarized below are classified according to the region of the U.S. they cover and the organization that sponsored their development. 
